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A description of the DSN VLB1 data set. and of last year’s analysis
can be found in last year’s report (see IERS Technical Note 17, pp. R-19
t-O R-32). Other than including another yea-r’s data, the main changes in
this year’s analysis from last year’s are in the use c)f meteorological
data for determining tropospheric parameters and in the weighting of the
data to account for the uncertainty in the observable caused by
tropospheric effects and sc>urce structure. A priori clry zenith
tropospheric delays were determined from barometric pressure
measurements at the DSN sites, corrected for height. differences between
the pressure sensor and the antennas. A priori wet. zenith tropospheric
delays were derived from tables of monthly average wet zenith delays for
each station, which are based on historical radiosonde ciata. The Lanyi
function was used for mapping zenith tropospheric delays to observed
elevations . The temperature at the top c)f the boundary layer, a
parameter in the Lanyi function, was taken to be the 24--hour average of
the surface temperature at the station. Acljustments  to the wet
troposphere zenith delays were estimated every Lwo t_o three hours.

The raw observable uncertainties have been modified by adding
quadratically four additional uncertainty components. The first
component is a source–specific constant cletermined  from source-specific
residual scatter. lt varies from O to 150 ps for clelays (O to 100 fs/s
for delay rates), and tends to be associated with sources having known
structure. The second and third components -- one fc)r each of Lhe two
stations -- are proportional to the a prio~i wet t~opospheric delay
(which grows as elevation angle decreases) with a prc)portionality
constant of 0.042 for delays and 7.5*10**–5*sec*  *-I for delay rates. The
f’ourth component. is an “additive noise” co]jstant. selected to make the
Chi Square of Lhe postfit residuals approximately E!CJLlal to the number of
degrees of freedom in the solution. The delay and delay rate additive
noise constants were adjusted separately fc~r eac:h CA~’ M&E observing
session. For the TEMPO data, the additive lLoises were adjusted for each
of several blocks of observing sessions. ~’he change in t-he tropospheric
error model compared to last year has dramzltically recluced the size of
the “addiLive noise” constants needed fc)r (he delay rate data.

During calendar year 1994, the TEMPO ])rojec~t procluced earth
rotation measurements frc)m 91 dual frequency observing sessions, with
a median standard error along the minor axis of t.h(: error ellipse of
().3 milliarcseconds (rnZiS), and along the major axi s c)f 1 . 4 mas . During
1994 the meclian turnaround time for TEMPO ]neasuremcnt.s, from observation
to availability of earth orientation paramt~ters, was 48 hours.

in the l’idal ERP table below, the argument co~lvent.ions  are those of
Severs et al . (1993). The formal errors range from 11 to 46
rnicroarcsecc>nds  but real istic uncert.aintie:j are probably about 70
microarcsec:onds (one standard deviation) .

ACKNOWIIEI)GEMI?N’1’S  . We would like to thank each and every one of t_he
many people who contributed to t-he acquisition ancl iillalysis of the LJSN
VL131 data. ‘l’he work described in this paper was carrieci out by the
Jet Propulsion Laboratory, California Institute c)f ‘1’ec:hnology,  under
contract with the National Aeronautics and Space Administration.



Peri od

Term (hours)

K2 11.96724
S2 12.00000
M2 12.42060
N2 12.65835
KI 23.93447
PI 24.06589
01 25.81934
@l 26.86836

Short_ Periocl Tidal ERP Variations

LJT3 (microseconds) Polar Mc,tion
mnplitl~de Phase

Cosine Sine (microarcs[:conds) (degrees)
prograde retrogracie ]Jrograde retrograde

1.6 2.7 46 58 45 2.29
0.1 9.3 5

-10.8 17.0 “J 2
- 1.0 2.8 16
11.8 24.4 176

-1.3 - 3.1 91
-10.6 -13.2 155

3.2 - 2.0 42

130 53 310
248 317 275
34 88 221
0 354 *

o 309 *

o 301 *

o 326 *

Celestial Ephemeris Pole

IAU-Index Period Phase

days

precession
obliquity rate

Y-offset
X-offset

--6798.38

-3399.19

365.26

182.62

13.66

-429.8
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Mc)tion Moc3el

Component

I,ongitude
Obliquity

L sin eps
Obliquity

Longitude
Obliquity
Longitude
Obliquity

Obliquity
I,ongitude
Obliquity

Longitude
Obliquity
Longitucle
Obliquity

Longi tude
Obliquity
Longitude
OblicluiLy

Longitude
Obliquity
I,ongitude
Obliquity

I,ongitude
Obliquity
Longitude
Obliquity

(nutations relative to ZMOA-1990-2)

Adjustment

mas

-3.05/yr
-0.26/yr

-17.59
+ 5.61

- 0.27
- 0.06
+ 0.30
- 0.04

- 0.23
- 0.29
+ 0.09

- 0.35
+ 0.06
+ 0.33
- 0.01

- 0.07
- 0.02
+ 0.17
+ 0.03

- 0.24
+ 0.14
+ 0.31
+ 0.10

- 0.24
+ 0.03
- 0.45
- 0.15

Formal Generalized
Error
mas

0.05/yr
0.03/yr

0.23
0.36

0.25
0.08
0.16
0.15

0.04
0.10
0.08

0.06
0.02
0.06
0.02

0.05
0.02
0.06
0.02

0.04
0.02
0.06
0.02

0.06
0.02
0.06
0.03

i?rror
mas

0.07/yr
0.03/yr

0.36
0.3”7

0.41
0.08
0.21
0.16

0.04
0.11
0.08

0.06
0.03
0.07
0.03

0.05
0.03
0.06
0.02

0.11
0.04
0.10
0.04

0.0’1
0.03
0.06
0.03
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~’ethnical description of solutic)n LJPL 95 R 01

1-

2 -

3 -

4-

5-

6-

Tec:hni que : V1>B1

Analysis Center: ~J PI,

So f~ware used: MODEST

Data span: Ott 78 -- Jan 95

Celestial Reference Frame: RSC(JPL) 9!) R 01

a-

b-

Nature: extragalacti c

Definition of the orientatic)n:
The Right Ascension and Declination of O.T 287 (0851+202)
and the Declination of C’I’D 20 (0234+285) were held fixed
at the values specified in RSC’(1ERS)94 C 01.

Terrestrial Reference Frame: SSC(JPL) 95 R 01

a-

b -

c-

Ci –

e -

f-

g-

Relativity scale: IE (TD1’ = gec)centric  with lAT)
The relativity model used is
cssentiall}’  ec~uivalent to the
“consensus model” described by
Rubanks.

Velocity of light: 299 792 458 m/s

Geogravi.tationa]  constarlt: 3.9860 0448 *1O**I4 m*’3*s**-2

Permanent tidal correction: Yes

Definition c)f the origin, and

Definition c)f the orientation:
Six constraints were applied t.o the nir]c? coordinates
(at epoch 1993.0) of DSS 15, 1)SS 45, ancl DSS 65, such that
if a seven parameter transfor]nation (3 L.ranslations,
3 rotatic)ns, 1 scale) between the LJPIJ 1995-1 and lTRF-93
sYstems were estimated by unwcight.cd 1 east, squares applied to
the coorciinates  of DSS 15, 45, and 65, then the resulting
3 translation and 3 rotation parts c)f the transformation
would be zero while the scale could be nonzero and unknown in
advance c)f computing the catalog. (When expressed as the dot
product of a nine dimensional unit vec:tc)r with the nine
station coordinates, each constraint. is assigned an a priori
standard deviation of 5 mm; t-his CIC)CS nc)t. affect the
resulting coc~rdinates  but does affeci_ the calculated formal
errors , giving them a more spherical distribution khan would
result if either very large c)r very small a prj.ori standard
deviations were used.)

Reference epc>ch: 1993.0



h - Tectonic plate model : 17’ RF-93 plus adjustments

i– Constraint for time evolutic)n:
l’hree-climensional  site velocit~es were estimated for each of
Lhe L.hree DSN complexes. Al 1 $itai_ions ;]l each IISN complex
were assumed to have the same site veloc:jty. The velocities
were constrained so as to prod~lce no net. translation rate and
no net_ rotation rate, for the ]letwork composed of the three
DSN complexes, relative LO the net motic)n c)f this network of
three sjt,es as expressed in th(> ITRP’-93 velocity field. (When
expressed as the dot product of a nine climensional unit vector
with the nine site velocity components, eac:h constraint is
assigned a.n a priori standard deviatic)n c)f 1 .0 mm/Yr; this
does not affect the resulting velocity cc)rnponents but does
affect the calculated formal errors, giving them a more
spherical distribution than wollld result. if either very large
or very small a priori standard deviations were used. )

“/ - Earth Orientation: IV2P(JP1,)  9!> R 01

a – A prior; nutation model: 7,140A-1990--2 plus adjustments

b - Short-period tidal variations in x, y, IJrl’l :
As part of the JPL 1995--1 catalog sc)luticm  we estimated
coefficients of a model of 13RP variations at
nearly-diurnal and nearly–semidiurnal tidal frequencies.
(Nearly-diurnal polar motion variations were constrained
to have no retrograde part, thus allowirlg simultaneous
est,imaLion  of nutations. ) ‘l’he reported earth rotation
parameters have had these tidal frec~lency variations
removed according to the parametric model estjmatecl jn the
cataloq solution. (Tn other words, these effects
been a~cled back in producing 130P(JPI,)95 R

8 - Estimated Parameters:

a– Celestial Frame: right asce]]sj
(all sources,

Xo, Yo, Zo,
(by station)

b - ‘1’erresLrial Frame:

c– Earth Orientation:

d - Others:

01.)

on, decl
but see

. .
x, Y,

ave NOT

nati on
5b)

z
(by site)

UTO-UT’C and Variation of Latitude
of the baseline vector

precessic]n  cc)nst.ant, c)bliquity
rate, ce]est.ial  pole
offsets at J2000

coefficients c)f 23 nutat-ion terms
coefficients c)f 40 diurnal and

semjcliu~na] tidal terms in ERE’

w’et zenith trc]pospheric  delays
:,tatic~n  (:loc:k offset_s,, raLes ,

anti fl cc~ucnc:y  offsets



i

SLJMMARY, JE’L,95, R,01

J PI, . NASA’s Deep Space Network operates radio telescopes in t_hree
compl exes : in Australia, Spain, and the USA (Califc)rnia) . VLBI data
collected from these sites by JPL between 1978 and 1995 were analyzed
for celestial and terrestrial frames and earth rotat.i.cm parameters,
and reported as JPL 95 R 01. The celestial frame gives coordinates for
287 radio sources and is Lied to RSC:(IERS)94  C 01 through three coordinates
of Lwo sources. The terrestrial frame give:; station coordinates and
velocities for 10 stations in 3 sites, and is tied to I’I’RF-93 in both
location and velocity using one station in each sit,e. ‘l’he analysis gives
a time series EOP(JPL)95 R 01 containing the UTO-UTC ancl Variation of
Latitude of a baseline vector at a frequency of two measurements per
week. Additional earth rotation infc)rmation  is proviclec]  in estimated
corrections to precession, obliquity raLe, celestial pole offsets at
epoch, 23 coefficients of nutation terms, and 40 coefficients of a
parametric model for the nearly-diurnal and nearly–scmidiurnal tidal
frequency variations of UT1 and polar motion.
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TA’.T name Al?. name

2345-157 ? 2345-:6

2351+455  235L+455

2351-154  2351-154

2355-106 P 2355-105

~ 6 13.89288513 - 5 23 35.3345247 0.00005973 0.0002254

!2 1’2 33.?9052445 17 24 18.7513855 9.90001254 0.0002271
Q ., ‘ 2458273? -.25-L- 12 33.3774835 2.!)0006405 0.0007756

0 15 11.08855594 - 0 15 12.4452347 9.90001336 0.9002527

D 17 8.47473779 81 35 8.1361527  0.00009248 0.0001470

0 L9 Q5.78630~05 73 27 30.0173073 0.00003915 0.0001196

2 22 32.44L2143C 5 8 4.2593502 0.00001414 0.0002580

0 50 41.31738470  –  9 2S+
.  -,.-m,--,>.ZU>Y3L5  0.00001143 0.0002354

1 6 45.10805399 -40 34 19.9502108 0.0!2!392978  0.0003384
1 8 38.77:10103 : 35 0.3174175 0.00000850 0.0001681

1 13 43.L4492791 2 22 17.3169107  0.!20!202323  0.0003592

1 15 17.09997114 - 1 27 4.5770448 0.00000864 0.0001760

1 16 12.52198022 -11 36 15.4332610 0.00001059 0.0002360

1 21 41.59503860 11 49 50.4133687 0.00000820 0.0001453

1 21 56.86169490 4 22 24.7346914 0.00000920 0.0001759

1 36 58.594’76294 ~~ 5: ~9.:~:~395 ~.~:~::~~~  :.:~9:~77

1 49 22.37087995 5 55 53.5692492 0.00002114 0.0003230

1 52 18.05302523 22 7 7.7002204 0.0!2(!!20969  !j.0001240

2 ? 33.3!?49.??.75 72 32 53.6675954 !?.2CC!04423  0.0001559

2 3 46.55705961 11 34 45.4097898 0.00000892 0.0001365

2 4 50.41390301 15 14 11.0433353 0.00000825 0.0001062

25 4.925?3573 32 12 ~n nQ57255 C.CCCF1233 5.9c9L312. . . . .
~ ~y an ~~323036.J...- 73 4? 32.5220151 0.00003598 0.0001218

2 24 28.42818474 5 59 23.3418518 0.00000923 0.0001457

2 26 5C!.?5:4Q?7: 57 2: ~ . fvJ ? p,3~  Q ~.~~p$~~?; fi,e$~,~:g~~

2 3: 45.8?4!457? :2, 22 54.7~53Q35  0.QocO0791 0.000:I08

2 37 52.40555:82 28 48 8.9902100 0.000!)0881 9.0000887

2 38 38.?3Q:!2 537 15 36 59.2747678 0.00000785 0.0000888

23 48 2.60850833 -16 31 12.0216826 0.00001363 0.0002996

23 54 21.68024330 45 53 4.2364638 0.00001689 0.0001981

23 54 30.19519947 -15 13 11.2128535 0.00001358 0.0002921

23 58 10.88241228 -10 20 8.6111570 0.00001195 0.0002515

-C.2545  488:3.7  481?6.0  49555.’2

-!2.243C 48947.: 48:?5.!2 4?552.9

–0.8854 45C!53.4 44227.0 48196.0

-0.5205 485?3.5 47381.0 49500.0

c.0392 48507.3 48352.! 48732.5

-0.Q335 48745.3 48158.0 4960C.O

-Q,5473 45852.9 45151.0 49662.0
_~.~~?? 4ggg2.3  &55c9.5  4?562.!2

-9.4578 47663.5 43809.0 49652.0

-0.1869 45728.4 43809.0 49562.0

-0.8527 47223.8 44227.0 49662.0

-0.2269 48520.2 47254.0 49662.0

-0.3697 47306.8 43809.0 49500.0

-0.0592 48516.0 47254.0 49662.0

-0.2853 48010.4 45476.0 49652.0

-~.~~~: 47:?4.3 43P73.2  496!?0.0

-0.8405 48132.9 47254.0 49662.0

-0.2155 48580.5 47301.0 49600.0
_Cl 1138 48g~5.5 48352,c  4943~ 11“---- . . .

-0.3244 48367.2 45432.0 49600.0

-0.1713 47631.8 44203.0 49662.0

-0,2920 481395.4 48196.0 49555.0

–0.3196 4773’2.2 4530:.9  4?739.~

-0.4424 48731. 0 47254.0 49652.0

–q .234: 47537.2  442:3.C 4?52C.2. .

-9.2656 486C5.3  <7254.2  49662.5

-5.L55G 47725.5 442!33.C! 42743.0

-0.2595 47726.4 44203.!2 49743.E

-0.4282 47566.5 43809.0 49652.0 84

0.2682 48776.0 47941.0 49562.0 18

-0.4551 48519.4 47381.0 49444.0 33

-0.4114 48141.1 46337.0 49562.0 48
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%=SNX 0.04 JPL 95:088:00000 ,]PI, ‘18:300:55235  95:026:39276  R 00060 2 X V
*________________  ___
+FILE/REF’ERENCE
DESCRIPTION
OUTPUT
CONTACT
SOFTWARE
HARDWARE
INPUT
-FILE/REFERENCE
+______________ ____
+SITE/lD
*CODE PT ___DOMES_
1512 1 40405s003
1513 1 40405s014
1514 1 40405s001
7231 1 40405s019
1542 1 50103s005
1543 1 50103s001
1545 1 50103s010
1561 1 13407s003
1563 1 13407s001
1565 1 13407S010

--SITE/lD

..— - — — — . — — - — — — . —.— — - — — ———  -. ——-.—. —-———  ——. —--- .-—— ——__ ____  ____  ___

SSC(JPL)95 R 01 froin Annual Report. to IERS
Jet Propulsic~n l,ab, California Institute  of Technology
as@logos.jpl .nasa.gov (Alan Steppe)
MODF;ST
VAX
Deep Space Network VLB1 data

_ — — -. — ——- — — — — — . — ——— ——- —- — — — -— — - - — - — - - — -- -. — ——— —. -. - — — — — — — .

T __STATION DESCRIPTION__ APPROX_LON_.. APPROX_LAT_. _ApP_.H.
R DSS12 antenna ref. pt. 243 11 43.4 35 17 59.9 1001.
R DSS13 antenna ref. pt. 243 12 21.6 35 14 51.8 1094.
R DSS14 antenna ref. pt. 243 06 40.9 35 25 33.3 1032.
R DSS15 antenna ref. pt. 243 06 49.5 35 25 18.9 994.
R DSS42 antenna ref. pt. 148 58 48.2 -35 24 08.0 664.
R DSS43 antenna ref. pt. 1.48 58 48.2 -35 24 14.3 670.
R DSS45 antenna ref. pt. 1-48 58 35.3 -35 2.4 00.2 672.
R DSS61. antenna ref. pt. 355 45 08.3 40 25 47.7 796,
R DSS63 antenna ref. pt. 355 45 11.9 40 25 56.6 812.
R DSS65 antenna ref. pt. 355 44 59.7 40 25 42.1 781.

A_______–___––_ -––-––––––..–-  __..-_–––_–––.  -...––-–-. –--–..  -...-..---––––––- --------  ---

+SOLUTION/EPOCHS
*CODE PT SOLN T _DATA_START_. __._DATA_END_.. ..MEAN-.~{~pOCH..
1512 1 1 R 82:183:00000 84:238:00000  84:060:01800
1513 1 1 R 81:343:00000 85:273:00000  83:297:68220
1514 1 1 R 78:300:00000 95:002:00000  88:136:35520
7231 1 1 R 87:276:00000 95:026:00000  91:316:30840
1542 1 1 R 83:046:00000 8’7:293:00000  86:357:52680
1543 1 1 R 78:300:00000 95:026:00000  87:254:30060
1545 1 1 R 88:364:00000 94:310:00000  92:083:46560
1561 1 1 R 82:262:00000 8’7:214 :00000 86:005:33180
1563 1 1 R 79:329:00000 95:022:00000  87:265:81.480
1565 1 1 R 88:219:00000 94:248:00000  92:059:80640
-SOLUTION/EPOCHS
A_____________ _______________ __–._––-__–.–– -------
+SOLUTION/ESTIMATE
*INDEX TYPE CODE

1. STAX 1512
2 STAY 1512
3 STAZ 1512
4 VELX 1512
5 VELY 1512
6 VELZ 1512
7 STAX 1513
8 STAY 1513
9 STAZ 1513

10 VELX 1513
11 VELY 1513
12 VELZ 1513
13 STAX 1514
14 STAY 1514
15 STAZ 1514
16 VELX 1514
17 VELY 151.4

PT SOLN _REF_EE’OCH__  UNIT S ___.RSTIMATED VAI-lUE— _STD_DEV_
1 1 93:001:00000  mm 2
1 1 93:001:00000  nun 2
1 1 93:001:00000 mm 2
1 1 93:001:00000  mm/y 2
1 1 93:001:00000  nun/y 2
1 1 93:001:00000  rnrn/y 2
1 1 93:001:00000  mm 2
1 1 93:001:00000 nun 2
1 1 93:001:00000  mm 2
1 1 93:001:00000  nun/y 2
1 1 93:001:00000  mm/y 2
1 1 93:001:00000  nun/y 2

1 1 93:001:00000  mm 2
1 1 93:001:00000  nun 2
1 1 93:00] :00000 nun 2
1 1 93:001:00000  nun/y 2
1 1 93:001:00000  mm/y 2

-2350443793.7
- 4651980801.8
366563095’).3

-20.4
4.3

-3.9
-235112916’1.3
- 4655477070.1
3660956937.”1

-20.4
4.3

-3.9
- 2353621232.4
- 4641341506.6
3677052339.2

-20.4
4.3

10.3
13.4
12.8
1.0
1.5
1.3
“7.4

10.8
10.1
1.0
1.5
1.3
5.9
7.2
7.8
1.0
1.5



u. ..U I

,.0
,W

C2
o
*J

. .

0
0
0
0
0

m ‘0 ‘c
!+,  (A!  ,4)

. . . . . .

0 0 0
0 0 0
>.L.I

. . . . . .

0 0 0
0 0 0
0 0 0
0 0 0
C?oo

l-m

(w
. .

0
0
u
. .

0
0

,_n

,+’
. .

0
0
. .
0
0

,_n

IA’
. .

0
0
. .

Q ,0
,x ,x
. . . .
99
00
.  .
. . < .
0 0
0 0
0 0
0 0
(30

‘-m

,x

0
0
.
. .
0
0
0
0
0

_n

,LL
.

G
a
.
.
0
0
0
0
0

‘a
‘w
. .
0
0
.

C3
c?
o
0
0

w ‘0
w ‘ii
. . . .
Do
0 0
LJu

. . . .

Go
0 0
0 0

o
0.

0 0 090
0 0 0

0
0.
. .
0
0
0
0
0

0 0
C300 c o

.
. .

. .

. . . .
0 0
0 0
0 0
0 0
0 0

. .
0
0
0
0
0

. . . .
c
G
0
0
0

. .
0
0
0
0
0

0
0

00s0
0 0 0 0
0 0 0 0
0 0 0 0

0
0

0
0
0
0

0
0

0 0 0
0 0 0
0 0 0
0 0 0

0
0
00

0
0
0

0
0

0
0

0
0
0

0 0
0 0
0 0

0
0
0

0
0

0 0
0C2

Do
0 0. 0 0 0 0 0 0 0 0 0 0 0 0

W

,+!

‘w
\,

w
r-

CY
w
n
L

0
,W


